Paroxysmal dyskinesias (PDs) are a rare group of hyperkinetic movement disorders mainly characterized by their episodic nature. Neurological examination may be entirely normal between the attacks. Three main types of PDs can be distinguished based on their precipitating events -(i) paroxysmal kinesigenic dyskinesias (PKD), (ii) paroxysmal non-kinesigenic dyskinesias (PNKD) and (iii) paroxysmal exercise-induced (exertion-induced) dyskinesias (PED). The diagnosis of PDs is based on their clinical presentation and precipitating events. Substantial progress has been made in the field of genetics and PDs. Treatment options mainly include anticonvulsants and benefit of treatment is depending on the type of PD. Most important differential diagnosis are non-epileptic psychogenic, non-epileptic organic and epileptic attack disorders, especially nocturnal frontal lobe epilepsy.
Sudden movements or emotional stress, sometimes also physical exercise were able to precipitate the attacks. Treatment efforts with clonazepam (1 mg/day) and carbamazepine (250 mg/day) prior to admission led to a significant reduction of frequency (less than 1 attack per day), but sedation and cognitive side effects limited further intake of the medication.
During the grand rounds on the ward one distinct attack could be observed. The patient was emotionally affected because of the planned discharge from our unit. As she stood up from the supine position in her bed, she suddenly developed leftsided hemidystonic and hemichoreatic hyperkinesia with consecutive rotation around the longitudinal body axis with a duration of about 10 s. Consciousness was preserved and she reacted adequately during the attack. The EEG immediately after the attack was normal. In between attacks, we performed neurological and psychic exam as well as other tests including prolonged video-EEG monitoring, cerebral magnetic resonance imaging (cMRI), somatosensory and motor evoked potentials (EPs), and a complete laboratory work up.
Introduction
Paroxysmal dyskinesias (PDs) are a rare group of movement disorders with typical childhood onset. They are characterized by their episodic nature, usually arising out of a background of normal motor activity and behavior. Characteristic clinical features are sudden involuntary abnormal movements, comprising dystonia, chorea, athetosis, and ballism or a combination of these. PD can occur spontaneously or may be precipitated by sudden movements, prolonged exercise, caffeine and alcohol consumption, emotional stress, or fatigue. The duration of attacks can vary and may last from seconds to several hours. Idiopathic (familial and sporadic) forms have to be differentiated from symptomatic ones. Mount and Reback [1940] coined the term 'familial paroxysmal choreoathetosis' in a seminal description of a family in which a young male had infantile onset of periodic dystonic and choreoathetotic movements, precipitated by alcohol and coffee. Later, Kertesz [1967] reported a group of patients with paroxysmal brief choreoathetosis precipitated by sudden movements and named the condition 'paroxysmal kinesigenic choreoathetosis.' A third form of PD was described by Lance [1977] in a family with attacks precipitated by prolonged exercise, which was further classified as 'paroxysmal exercise-induced dystonia' (PED).
Several classification schemes [Fahn, 1994; Goodenough et al. 1978; Lance, 1977] of PD mainly based on duration and etiology have been proposed since the first description by Mount and Reback [1940] . In 1995, Demirkiran and Jankovic proposed a descriptive classification of PD based on precipitating events and differentiated four types: (1) paroxysmal kinesigenic dyskinesias (PKD), (2) paroxysmal non-kinesigenic dyskinesias (PNKD), (3) paroxysmal exercise-induced (exertion-induced) dyskinesias (PED) and (4) paroxysmal hypnogenic dyskinesias (PHD). Further categorization was based on duration of the attacks (5or45 min) and presumed etiology, i.e., primary (familial or sporadic) or secondary.
In recent years, considerable progress has been made in the field of genetics in PD. Different genes have been identified for certain forms of PD and, furthermore, clear genotype-phenotype correlations have been reported [Bruno et al. 2007 ].
Hypnogenic paroxysmal dyskinesia has been shown to be a form of frontal lobe epilepsy with excellent response to antiepileptic drug treatment and will not be considered further as a paroxysmal dyskinesia [Meierkord et al. 1992; Tinuper et al. 1990; Lugaresi and Cirignotti, 1981] . The term 'autosomal dominant nocturnal epilepsy' (ADNFLE) was introduced by Scheffer and coworkers [1994, 1995] . A 'single gene' trait was identified with linkage to chromosome 20q [Phillips et al. 1995] . Further gene loci have been linked to chromosomes 15q24 [Phillips et al. 1998 ] and 1q21 [Gambardella et al. 2000] . Mutations in two genes encoding different subunits of the neuronal nicotinic acetylcholine receptors (nAChRs) have been replicated [-subunit (CHRNA4), b-subunit (CHRNB2)]. However, most families do not show any known mutations, giving evidence for at least a fourth locus, which may or may not be related to nAChR [Andermann et al. 2005 ].
Clinical and genetic features of the three main types of PD (PKD, PNKD, PED) will be further discussed in detail [Guerrini et al. 2002; Jankovic and Demirkiran, 2002; Nardocci et al. 2002; Bhatia, 1999 Bhatia, , 2001 (Table 1) .
Paroxysmal kinesigenic dyskinesia PKD comprises sudden attacks of involuntary movements, including dystonia, chorea, athetosis, or ballism precipitated by sudden movement [Kertesz, 1967] . Characteristically, symptoms most commonly occur when a patient stands up quickly or is startled (e.g., 'ringing bell'). Hyperventilation or prolonged physical exercise may also trigger the attacks. Many patients experience an 'aura'-like sensation. Symptoms usually manifest unilaterally, but may alternate or even be bilateral. Limbs are more commonly involved, but neck, face, and trunk may also be affected. Dystonic spasms of the jaw or face may lead to dysarthria. There is a refractory period after an attack during which sudden movement may not provoke an attack. Consciousness is always preserved. Usually, the attacks last less than 1 min [Bruno et al. 2004] , although longer durations are also reported [Demirikiran and Jankovic, 1995] . The frequency of attacks is highly variable and can range from 100 per day to less than 1 per month [Bruno et al. 2004 ]. Age of onset is usually in the first or second decade of life, but manifestation in early childhood or late adulthood has been reported [Demirikiran and Jankovic, 1995; Fahn, 1994] .
Males are more commonly affected than females with a ratio of 3.75 : 1 [Fahn, 1994] . Mostly, PKDs are idiopathic, and in the majority, there is a family history of autosomal dominant inheritance with penetrance 470%. Sporadic cases are reported frequently [Jankovic and Demirkiran, 2002] . Neurological examination, EEG, and brain imaging between attacks are normal in idiopathic cases.
Some cases of PKD may be symptomatic secondary to multiple sclerosis (MS), brain trauma or endocrine dysfunction [Bhatia, 1999] .
Genetics
Although substantial progress has been made with linkage studies to PKD, no causal gene has been identified yet. Linkage to chromosome 16q11. 
Treatment
In contrast to PKND, PKD respond excellent to anticonvulsant treatment [Mink, 2007; Jankovic and Demirkiran, 2002; Bhatia, 1999] .
Carbamazepine is reported to be effective in the majority of patients [Demirkiran and Jankovic, 1995] . Bhatia [1999] reported 27 patients with PKD, where 14 patients were treated with carbamazepine, with a significant decrease or disappearance of attacks in 78%. Phenytoin was given in six patients with a good response in three (50%). Clonazepam, sodium valproate, clobazam, diazepam, and benzhexol were tried in one patient each without effect. The effectiveness of carbamazepine and phenytoin was also reported in the largest series of patients with PKD described so far (95 patients) by Bruno et al. [2004] . In a Taiwanese study, the benefit of carbamazepine in PKD was also reported, where four of seven patients were prescribed low dose of carbamazepine (1.5-2.0 mg/kg/day) and became free of attacks over a follow-up period of 14-30 months [Tsai et al. 2005 ]. Oxcarbazepine and lamotrigine were also effective in small samples of PKD patients [Tsao, 2004; Uberall and Wenzel, 2000] . The efficacy of topiramate was assessed in eight patients with PKD with a target daily dose of 100-200 mg. Mild side effects were observed and the attacks were optimally controlled in a follow-up period ranging from eight months to two years [Huang et al. 2005 ].
Other drugs used as an alternative treatment for PKD are risperidone [Karakurum et al. 2003 ], acetazolamide, levodopa, flunarizine, and tetrabenazine [Jankovic and Demirkiran, 2002] .
In sum, evidence of treatment of PKDs is scarce and mainly coming from single case reports or small open series.
Paroxysmal non-kinesigenic dyskinesia
PNKDs usually occur spontaneously and are not precipitated by sudden movements or physical exertion. Attacks may be triggered by emotional stress, fatigue or consumption of alcohol or caffeine [Mount and Reback, 1940] . Patients often have a combination of involuntary dystonic, choreatic, athetotic, and ballistic movements, mainly affecting the limbs, often unilateral or asymmetric. Like in PKD many patients report an 'aura'-like sensation (paresthesia, tension in the limbs or dizziness) prior to the onset of the motor manifestation. The attacks usually last between minutes up to 4 h, but both, shorter and longer duration up to days has been reported [Demirkiran and Jankovic, 1995] . The frequency varies from one to three per day to months of attack-free intervals. The age of manifestation can be in childhood or early teens, and the attacks tend to diminish with age. A male preponderance (1.4 : 1) is described [Fahn, 1994] . Although sporadic cases are reported, PNKD is usually inherited as an autosomal dominant trait with high penetrance (490%) [Jankovic and Demirkiran, 2002] . Neurological findings, EEG and brain imaging are normal in the idiopathic cases.
Symptomatic PNKD are rare and are most commonly reported in association with MS or vascular thalamic lesions [Berger et al. 1984; Lee and Marsden, 1994] . Whether tonic spasms of MS, which are often painful, brief, frequent and stereotyped, represent PNKD or not is discussed controversially [Bhatia, 1999; Berger et al. 1984] . Numerous cases with other symptomatic causes are reported (encephalitis, brain trauma, immune-deficiency syndrome, endocrine dysfunction) [Jankovic and Demirkiran, 2002] .
Genetics
Linkage to chromosome 2q has been demonstrated for familial PNKD [Fink et al. 1996] . Several, but not all studies confirmed these results, raising evidence for genetic heterogeneity of this syndrome [Spacey et al. 2006; Matsuo et al. 1999; Raskind et al. 1998; Fouad et al. 1996; Hoefele et al. 1997 ]. Further molecular studies have shown 'missense' mutations in the myofibrillogenesis regulator 1 (MR-1) gene on chromosome 2 (2q32-36 locus) in families with PNKD Lee et al. 2004; Rainier et al. 2004] . The function of MR-1 is not fully understood. It is homologous to the hydroxyacetylglutathione hydrolase (HAGH), which catalyses the detoxification of methylglyoxal to lactic acid and reduced gluthatione. Interestingly, methyolglyoxal is reported to be neurotoxic and is found in coffee and alcoholic beverages, which might explain their precipitating effect of attacks in PNKD [Kikuchi et al. 1999; Nagao et al. 1986 ].
Recently, Bruno and coworkers [2007] concluded, that PNKD should strictly be defined based on age at onset and ability to precipitate attacks by caffeine and alcohol. Patients with this 'classic' phenotype are likely to harbor MR-1 mutations. Other families with 'atypical' symptoms exist, but are clinically distinct from PNKD and do not have MR-1 mutations. Some of them may represent PED.
An autosomal dominant syndrome of generalized epilepsy and PNKD has been described in one single large European kindred linked to chromonsom 10q22. Sixteen affected individuals over four generations suffering from seizures (absences, rare generalized tonic clonic seizures, or both, n ¼ 4), PKND (n ¼ 7) or both (n ¼ 5) have been described in detail. A mutation in the -subunit of the large conductance calcium-sensitive potassium (BK) channel was found in this family . The authors suggested that this BK mutation is associated with increased excitability by inducing rapid repolarization of action potentials. This channelopathy links human epilepsy and paroxysmal movement disorders and may give further insight into their pathophysiology.
Treatment
Although PNKD is much more difficult to treat than PKD, anticonvulsants should be tried in every patient [Bhatia, 1999] . Clonazepam may be effective in up to 30% of patients and other anticonvulsants, like carbamazepine, should be considered as further possible treatment option [Bhatia, 1999] . Because PKND may be triggered by emotional stress, fatigue, alcohol or caffeine, the avoidance of these possible precipitating events is recommended [Bhatia, 1999 [Bhatia, , 2001 . Two case reports have revealed deep brain stimulation as a potential therapeutic option in medically refractory PKND [Yamada et al. 2006; Loher et al. 2001 ].
Symptomatic cases may also benefit from benzodiazepines, as described by Mirsattari and coworkers [1999] , who reported effectiveness in three of four patients with PKND symptomatic to HIV infection. Levetiracetam was effective in sympomatic PKND secondarily to hypoparathyroidism, where initial treatment with valproic acid failed [Alemdar et al. 2007 ].
Paroxysmal exercise-induced (exertion-induced) dyskinesia In 1977, Lance described this form of PD in family members, who exhibited longer lasting dystonic attacks, which were precipitated by prolonged physical exercise. PED is less common than PNKD and PKD. Attacks are commonly precipitated by walking or running (lasting 45-20 min), in some cases triggered by exposure to cold [Demirkiran and Jankovic, 1995] . Typically, dystonic movement affecting lower limbs, often bilaterally, is the most common feature [Bhatia, 1999] . In contrast to PKD and PNKD, 'aura'-like sensations are not reported. The frequency of attacks varies between one per day to one per month. The attacks may last from 5 to 30 min. Age of onset is usually in childhood, but may range from 1 to 30 years. Familial cases of PED have female preponderance [Jankovic and Demirkiran, 2002] . Both, sporadic and familial cases with autosomal dominant mode of inheritance are reported. Neurological examination, EEG, and brain imaging are normal.
Interestingly, PED may be a presenting feature of young-onset idiopathic Parkinson's disease (PD) [Bozi and Bhatia, 2003] . Secondary PED is a rarity and in those cases reported, brain trauma was the underlying etiology [Lim and Wong, 2003; Demirkiran and Jankovic, 1995] .
Genetics
Until now, linkage studies of pure PED have been uneventful. Autosomal dominant paroxysmal choreoathetosis/spasticity (CSE), which is characterized by sudden exercise-induced dyskinesia and spastic paraplegia has been mapped to chromosome 1p. A potassium channel gene cluster is known in the vicinity of this gene locus [Auburger et al. 1996 ]. Epilepsy and PD have been reported to co-occur in various forms. Characteristically, epilepsy manifests as idiopathic syndrome, making a genetic cause plausible [Guerrini et al. 2000] . A family with Rolando epilepsy with PED and writer's cramp with autosomal recessive inheritance was described by Guerrini and colleagues [1999] and has been linked to chromosome 16p, which is within the ICCA region. A clinical syndrome associating absences and PED was reported by Guerrini and colleagues [2000] . Six sporadic patients with pyknoleptic absences developed PD, with PED in 50% of patients. Both, epileptic seizures and PED had good prognosis. Recently, Kamm and coworkers [2007] described a family with four affected members over three generations and probable autosomal dominant inheritance with PED, generalized epilepsy, developmental delay and migraine in variable combinations. Linkage to chromosomes 2 and 16 was excluded, suggesting a further yet unknown underlying genetic basis.
Treatment
Avoiding precipitating events, like prolonged physical exercise, may prevent attacks. Anticonvulsants were not overall useful, although clonazepam and carbamazepine were found to be of limited benefit [Bhatia, 1997; Demirkiran and Jankovic, 1995] . Levodopa, acetazolamide, and trihexiphenidyl were not usually successful, except in isolated cases [Bhatia, 1997] .
Conclusion
PDs are rare neurological disorders, characterized by a sudden onset of dystonic, choreatic, athetotic, and ballistic movements with variable underlying mechanisms. Three main groups of PD can be distinguished mainly based on the precipitating events. Most PDs have an idiopathic (familial and sporadic) etiology, although rare symptomatic forms are reported. Treatment success depends on the type of PD, where patients with PKD have the best chance to benefit with anticonvulsant treatment.
Substantial progress has been made in the field of genetics and PDs. Linkage studies could disclose gene loci on chromosome 16 in PKD, but, until now, no specific gene has been identified. In PKND, genotype predicts phenotype and in most cases of PKND an ion-channel dysfunction is not evident.
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